The cellular fatty acid profiles of 67 strains belonging to three different species of the genus Mycobacterium were determined by gas chromatography of the fatty acid methyl esters, using the MIDI Sherlock 
Introduction
The term 'tuberculosis' is used to describe a broad range of clinical illnesses caused by Mycobacterium species. Tuberculosis is the most frequent cause of death worldwide due to a single infectious agent, and was declared a global public health emergency by the World Health Organization in 1993.
Tuberculosis can affect any organ but most importantly occurs in the lungs, and is typically associated with granuloma formation. 1 The causative species are usually M. tuberculosis or, less commonly, M. bovis, but tuberculosis may also be caused by other types of mycobacteria. M. xenopi was first isolated from an African toad in 1957, but was not recognized as a potential human pathogen until 1965. By 1979, 50 cases of M. xenopi infection in humans had been reported. Clinically, pulmonary infection with M. xenopi resembles infection with M. tuberculosis, M. avium complex or M. kansasii. 2, 3 M. avium complex consists of 28 serovars of two distinct species -M. avium and M. intracellulare. The criteria used to distinguish M. avium from M. intracellulare are now well established. M. avium complex organisms are ubiquitous in nature and have been isolated from water, soil, plants, house dust and a myriad of other environmental sources. These organisms are of low pathogenicity and frequently colonize individuals without causing disease. M. avium is the most common non-tuberculous Mycobacterium species associated with human disease (according to the Runyon classification), and is also an important cause of disease in poultry and swine. The greatest increase in M. avium complex infections during the past decade has been in patients with AIDS. 3 The increase in the complexity of mycobacterial disease has stimulated the development of more rapid and efficient diagnostic methods. Clinical mycobacteriology laboratories play an important role in the control of the spread of tuberculosis through the timely detection, isolation and identification of mycobacteria strains. Due to considerable correlation between the antibiotic susceptibility patterns of mycobacteria and their species affiliation, rapid and reliable identification of clinical isolates is necessary for therapy to be successful. Traditional methods for the identification of mycobacteria are timeconsuming and diagnosis is not always accurate. There is therefore a need for molecular techniques that are rapid, accurate and applicable in routine conditions. Analysis of lipid composition using thin-layer chromatography, highperformance liquid chromatography or capillary gas chromatography of fatty acid methyl esters (FAMEs) has been shown to be a useful tool for the identification of mycobacteria. The whole-cell FAME profiles of various Mycobacterium species have been reported. 4 -11 According to the literature, FAME analysis using the Sherlock ® Microbial
Identification System (MIS) (MIDI, Inc., Newark, Delaware, USA) is a highly predictive and promising technique for the identification of mycobacteria. The MIS software package (Sherlock ® 4.0 MIS) has been updated to improve the identification of micro-organisms, including bacteria and fungi. The aim of this study was to identify and characterize Mycobacterium strains isolated from clinical samples on the basis of FAME analysis using the updated version of the MIS software package (Sherlock ® 4.0 MIS).
Materials and methods

BACTERIAL STRAINS AND GROWTH CONDITIONS
A total of 61 test strains were isolated from sputum specimens from patients diagnosed with pulmonary tuberculosis at the Atatürk University Medical School and the Aziziye and Yakutiye Hospital, Turkey, between 1998 and 2000. Six reference strains were obtained from the Ohio State University, Wooster OARDC Research Center, Ohio, USA ( Table 1 ). The strains were isolated by culturing the sputum specimens on Lowenstein Jensen slants in triplicate at 28 ± 1°C, 35 ± 1°C and 40 ± 1°C for 4 -6 weeks after digestion and decontamination with NaOH. After the incubation period, the bacterial strains were transferred onto Middlebrook 7H10 medium (Difco, Detroit, Michigan, USA) supplemented with Middlebrook OADC enrichment medium (Difco) at the three different temperatures indicated above in 5 -10% CO 2 until bacteria were cultured.
The genus of the isolated bacterial strains was established on the basis of microscopic observation after Ziehl-Neelsen staining, evaluation of the growth rate and effect of temperature when grown on Lowenstein Jensen slants and Middlebrook medium, colony morphology, pigment characteristics, and tests for niacin production, nitrate reduction, tellurite reduction, semiquantitative and heat-stable catalase, Tween 80 134 A Ozbek, O Aktas Identification of Mycobacterium species using fatty acid methyl ester profiling A Ozbek, O Aktas Identification of Mycobacterium species using fatty acid methyl ester profiling The similarity index is a numerical value expressing how closely the fatty acid composition of an unknown compares with the mean fatty acid composition of the strains used to create the library entry listed as its match.
hydrolysis, urease, 5% NaCl tolerance and arylsulphatase using the Wayne method. 2 Test and reference strains were treated identically.
EXTRACTION AND ANALYSIS OF FAMEs
The preparation and analysis of FAMEs from whole-cell fatty acids were performed using Sherlock ® MIS version 4.0 according to the method described in the manufacturer's manual. A loopful of bacterial cells were harvested from the culture grown on Middlebrook 7H10 medium and added to 1 ml of 1.2 M NaOH in 50% aqueous methanol together with five glass beads (3 mm in diameter) in a screw-cap tube, and then incubated at 100°C for 30 min in a water bath. The saponified samples were then cooled at room temperature for 25 min, acidified and methylated by the addition of 2 ml of 54% 6 N HCl in 46% aqueous methanol, and incubated at 80°C for 10 min in a water bath. After rapid cooling, the methylated fatty acids were extracted with 1.25 ml of 50% methyl-tert butyl ether (MTBE) in hexane. Each sample was mixed for 10 min and the lower phase was removed with a Pasteur pipette. The upper phase was washed with 3 ml of 0.3 M NaOH and removed for analysis after mixing for 5 min. Following the base wash step, the extract containing the FAMEs was cleaned in anhydrous sodium sulphate and transferred into a gas chromatography sample vial for analysis. The FAMEs were separated using the HP6890 gas chromatograph (Hewlett Packard, Palo Alto, California, USA) with a fused-silica capillary column (25 m × 0.2 mm) and cross-linked 5% phenylmethyl silicone. The operating parameters for the study were set and controlled automatically by the MIS computer program.
Chromatograms, together with peak retention times and areas, were produced on the recording integrator and electronically transferred to the computer for analysis, storage and report generation. Identification of peaks and assessment of column performance was achieved using a calibration standard mix (Microbial ID 1200-A) containing nC9 -nC20 saturated and 2-and 3-hydroxy fatty acids.
Cellular fatty acids were identified on the basis of equivalent chain length data. The FAME profiles of each of the mycobacteria strains tested were identified by comparison with the commercial M17H10 database provided with the MIS software package.
Results
All 67 isolated strains (test and reference) were initially confirmed to be Mycobacterium. FAMEs, and also alcohol and cyclopropane, all 61 test strains were identified as one of three Mycobacterium species: most (n = 53, 87%) were M. tuberculosis, five (8%) were M. xenopi, and three (5%) were M. avium complex ( Table 1 ). The reference strains of M. tuberculosis, M. xenopi and M. avium complex (n = 2 for each strain) were all correctly identified by FAME analysis.
The fatty acid composition of the different Mycobacterium species is summarized in Table 2 . Four of the FAMEs -16:0, 18:1ω9c, 18:0 and 10Me-18:0 TBSA -were abundant in all three species. However, 15:0 FAME and 17:0 FAME, and 16:1ω7c FAME and summed features 2 and 3, were found only in M. tuberculosis and M. avium complex, respectively.
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Discussion
These results confirm previous studies demonstrating that the MIDI Sherlock ® MIS used with the M17H10 database (version 4.0) is an easy, accurate and rapid method for the identification of Mycobacterium strains. 5 -7,9,12 -16 In the present study, three species of Mycobacterium -M. tuberculosis, M. xenopi and M. avium complex -were identified in the 67 test and reference strains examined, based on the concentration and composition of 12 fatty acids of 14 -20 carbons in length (Table 2) . A great diversity in fatty acids was found between the Mycobacterium species. At least nine FAMEs (14:0, 15:0, 16:1ω6c, 16:0, 17:0, 18:2ω6,9c, 18:1ω9c, 18:0 and 10Me-18:0 TBSA) were detected in the profiles of every M. tuberculosis strain. All 53 M. tuberculosis strains were characterized by a relatively high concentration of 16:0 FAME (40.20%), 18:1ω9c FAME (21.40%) and 10Me-18:0 TBSA FAME (19.95%), and a low concentration of 14:0 FAME (1.09%) and 15:0 FAME (1.05%), together with a lack of fatty alcohol and cyclopropane. This evidence is consistent with the results of many previous studies. 7,17 -20 All the M. xenopi strains (n = 7) had unique fatty acid profiles consisting of four FAMEs: 16:0 FAME (47.97%), 18:1ω9c FAME (23.96%), 18:0 FAME (9.61%) and 10Me-18:0 TBSA FAME (18.46%). The other fatty acids listed in Table 2 were not found. Some studies have reported the presence of secondary alcohols in M. xenopi strains, 21 but these were not In this study, fatty acids longer than 20 carbons in length could not be discriminated by the MIS standard library database M17H10, as reported by some other researchers and the MIDI operating manual. 20, 22 It is known that mycolic acid cleavage products (MACPs), which have a chain length of 22 -26 carbons, are very important for mycobacteria identification but are not released by MIDI sample preparation. Therefore, Muller et al. 22 have suggested some modifications to the sample preparation (using trimethylsulphonium hydroxide instead of sodium sulphate) and to the chromatography conditions in order to improve the ability of MIS to differentiate and identify mycobacteria species.
The results of this study suggest that the MIS is an effective, sensitive and rapid technique for Mycobacterium identification using current MIDI standard software in which fatty acids between nine and 20 carbons in length are detected. However, the modifications in sample preparation procedure proposed by Muller et al. 22 may be useful in increasing the capacity of the MIS system to detect MACPs in the fatty acid profiles of mycobacteria.
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